The purpose of our study was to find out the results of a training program based on the Olympic exercises (weightlifting), on the performance of strength and power in high-level table tennis players. Thirty elite table tennis players (age 18.05 ± 1.04 years) were randomly divided into a control group (CG; n = 15) and an experimental group (WRTG; n = 15). The last group followed a weightlifting training program for 6 weeks with 3 sessions per week during the competitive period. As for the control group, he pursued classical table tennis training. Before and after the 6-week training program, all players have conducted tests on sprint distance of 5 m, the vertical jump (squat jump and countermovement jump), strength hand grip, throwing medicine Ball, the 1-RM bench press and 1-RM 1/2 squat test. A slight raise in the 1-RM maximum strength of upper and lower limbs (respectively p < 0.05; 7.87 kg or 8.29% and p < 0.04; +10.7 kilograms or 17.75%) for the WRTG compared to CG this evolution was followed by an obvious changes in strength hand grip at the EG compared to CG (p < 0.01; 4.6 kg or 13.54% of development). According to the outcomes of our study, we can declare that a strength training program during three sessions per week during the competitive period, can lead to a developed strength in the maximum lower limb, the and vertical jump among the elite table tennis players. The identification such as results could be considered a reliable device for coaches and technicians concerned to develop the performance of their table tennis players.
Introduction
In modern sports, the developing of specific physical aspects has become fundamental to reach optimal performance. Besides, it's crucial to adopt transformations in different factors of training, for instance intensity of the load and the number of repetitions, the volume of the series leads to promote the motor qualities of the athlete (Kraemer & Ratamess, 2004) .
The modern physical preparation strategies are mainly based on the improvement of neuromuscular qualities and seem to be the product of this scientific development in modern sport (Kraemer et al., 2002) .
In table tennis, the development of training should be related to the energy needs required by the competition. So, it is necessary to know the physical requirements and the main pillars of the motor activity, capacity and the table tennis players training mechanisms maintained (Yáñez Sepúlveda et al., 2015) .
In fact, the table tennis is considered as an individual sport and it has a recurrent and explosive nature mixed with a very short and intense action creates the basic item of performance in this practice (Zagatto et al., 2008 ; Fédération International de Tennis de Table; Munivrana et al., 2015) .
Actually, the maximum force, execution speed, acceleration and the powers of the lower limbs build are the main qualities of tennis table which first, allow the tennis table players to support the strong muscle contractions, then, to be more potent in many actions of ball exchanges with the adversary (Zagatto et al., 2008; Yáñez Sepúlveda et al., 2015) .
Among the mechanisms of developing the neuromuscular performance in Table Ten nis, we can mention the resistance training (i.e., muscle building) which is a physical progress to adjust biological properties of nerve and muscle tissue (Sarabia et al., 2015) .
According to the specific literature in this realm, the sort of strength training (i.e., the charge used, intensity and volume) is considered as one of the basic forms of development of explosive and muscle power (Toriola et al., 2004) .
The evolution of the load resistance training (i.e., maximum force) associates a continuous progress of an exclusive variable until the purpose is reached. The category and/or strength training exemplary in terms of the load (i.e., intensity) followed is usually considered as one of the basic components in the development of muscle strength.
Yet, two training procedures that oppose one of these mechanism, is to use heavy loads (i.e., 80% -90% of 1-RM) to boost the recruitment of the fast fibres on the other mechanisms is to train at speeds that approximate the actual speed of the performance of the athlete (50% -60% of 1-RM) and using moderate loads.
Besides, muscle strength training with quasi-moderate loads (i.e., 50% -60% of 1-RM) develops the rapid stimulation of dynamic movement (McBride et al., 1999; Crewther et al., 2005) . Moreover, the analysis of the literature proclaims that strength training weight training with heavy loads remains largely disputed especially with racket sports (Kraemer et al., 2002; Crewther et al., 2005; Crewther et al., 2011) . Physiological adaptations are derived from the muscular performance advancement and considered as a dynamics strengthresistance programs that would also be linked to neural and mechanical adaptation of muscles (West et al., 2011; Cormie et al., 2011) .
Furthermore, the benefits of dynamic strength would be associated to awakening of the fact of specific strength training speed (Kraemer et al., 2002; Crewther et al., 2011) apparently caused by the contractions of opponent muscles to those stretched (West et al., 2013) .
Thus, several scientific reports have revealed that the employment of specific strength training exercises can be a trust worthy approach of training to develop a specific performance in table tennis (Kraemer et al., 2002; Kraemer et al., 2009) .
Besides, the survey of fitness program containing table tennis heavy loads (i.e., 80% of 1-RM) and their outcomes on the explosive performance has become the subject of that very few previous studies and has produced mixed results (Sarabia et al., 2015) .
Then, it would be very important to compare a series of an integrated stimulation of fitness program during the season (different volumes and intensity) based on the Olympic exercises (weightlifting), able of bringing motor benefits on a definite time table tennis player.
Taking into consideration what has been developed above, we sat as targets first, studying the consequences during the sports season with a training program of the dynamic force (i.e., exercise weightlifting) on muscle performance and lower limb superiors. Besides, optimizing the specific motor skills in elite's table tennis player leads us to the specific objectives below.
Examining and comparing the impacts of a weight training program for lower and upper limbs 6 weeks to three weekly sessions on the performance of maximum strength, vertical jump, speed running performance and agility among table tennis player's elites.
Methods

Subjects
The objective of this study was to evaluate the training effects of Olympic weightlifting exercises with table tennis elite players on functional and physiological measures. Thirty Tunisian elite table tennis player. male (age 18.06 ± 1.18 years, height 160 cm ± 0.06, body masses 63.63 ± 6.96 kg, a body fat percentage equal to 14.92 ± 2.04 and body mass indicator of about 24.79 ± 1.73) managing in three regional selections were selected for carrying out the study with 3 years training experience. All subjects are related to the same socio-economic and routinely train at the same daily training schedules from 16 h to 18 h in the training room of the national team (youth city of El Menzah, Tunis) ( Table 1) .
In this analysis no athletes were involved in additional training of strength or specific packaging 6 weekly trainings including 3 technical sessions and 3 training sessions during the competition period during the months of July and August 2015. All subjects signed a letter containing information on the study and a request for consent to participate in this study. All subjects were investigated by a specialist, none of this is visible pathology or prior to body level or neurological musculoskeletal or orthopaedic that could change its capability to perform strength training and weightlifting.
The study population was randomly divided into two groups a control group (CG; N = 15) and a weightlifting resistance training group (WRTG; N = 15), one would follow a specific plan consisting of weightlifting exercises. The training lasted 6 weeks with 3 sessions per week.
Testing Procedures
After a month, all the players have completed a familiarization phase at different testing procedures. A progress of strength and power of the lower limbs (maximum-1RM strength 1/2 squat, sprint (10 m), squat jump and countermovement jump) and upper limbs (hand-grip, throwing medicine ball, 1-RM bench press) during which they were coached for correct technical execution of exercises.
The batteries of tests were performed by the same examiners before and after six weeks of training (physical trainers and national coaches). The battery of tests includes anthropometric estimation (standing height, body mass, body mass index (BMI) and a percentage of body fat), all tests were charged at the team's training national table tennis hall at the youth city el Menzah, Tunis.
The two groups (WRTG and CG) were tested before and after the six-week training period for all dependent variables. Each evaluation was performed on four different days with the same progression of tests. The tests were performed at the same time of day in order to limit the effect of chronobiology. The Participants were asked to wear the same clothes and shoes and to refrain from any laborious or exhausting training in the previous twenty-four hours. For each test, all subjects were verbally encouraged to perform all tests with full ability. Ten minutes of standard warm-up including a moderate speed race followed by some dynamic stretching exercises and specific exercises prior to each session.
The following measures were implemented: standing height, body mass and the four skin folds (biceps, triceps, sub-scapular and supra-iliac). All measures were taken by the same examiner in conformity with the positions and techniques recommended by the International Biological Program.
Maximal strength 1/2 squat (kg) Maximal strength Bench press (kg)
The 1 RM was then determined for each participant for the squat and bench press. Each participant performed the following: 1) 8 -10 repetitions at approximately 50% of 1 RM; 2) 1 minute of rest and then 3 -5 repetitions at approximately 75% of 1 RM; 3) 2 -3 minutes of rest and then 3 -4 attempts at 1 RM with 2-minute rest between attempts. After each attempt, the weight was increased by 1 -10 kg until failure. The final weight lifted was the 1 RM.
For the bench press, participants were required to keep their back on the bench and feet on the floor during the entire test. Assistance was provided in lifting the bar from the rack. Participants then held the bar briefly, unassisted, with straight arms until a signal was given to lower the bar to the chest. With the bar motionless on the chest, a second signal was given to press the bar to full elbow extension.
The squat test was performed using a power rack placed just below 90˚ of hip flexion for safety. The participant lowered the bar with neutral spine with the bar resting on the trapezius muscle. The descent stopped when the hamstring muscles were parallel with the floor. A raband was tied to the squat rack at the desired squat depth. After reaching the appropriate depth, the participant raised the weight to full knee and hip extension.
Maximal strength hand grip (kg)
The dynamometer was determined on a calibrated with visual feedback (Harpenden Dynamometer, British Indicators, Ltd., UK) and adjusted to each subject's hand using the dominant hand used for data analysis. The best of three maximal trials with 1-min recovery in between was used for analysis.
Vertical Jump (cm)
Vertical jump height was assessed using a portable platform (Quattro-Jump; Kisler, Winterthur, Switzerland) according to the procedure described by (Chaouachi et al., 2011) . Participants were instructed to keep their hands on their hips to minimize lateral and horizontal displacement during performance, to prevent any influence of arm movements on the vertical jumps, and to avoid coordination as a confounding variable in the assessment of the leg extensors' neuromuscular performance. Participants were encouraged to perform the eccentric phase of the jump as quickly as possible to maximize jump height. Three trials were performed with approximately 2 minutes recovery, and the best result was used for analysis.
Performance Sprint 5 m (s)
Infrared photoelectric cells with polarizing filters and a handheld computer were used to measure sprint times to 1/100th of a second (Brower Timing Systems, Salt Lake City, Utah, États-Unis) and were placed at the start and at 5 m. The starting position was standardized for all participants. They started in a standing position (split stance) with the toe of the preferred foot forward 0.3 m behind the starting gate. This was intended to allow some forward lean and cause triggering of the timing system as soon as the subject moved. The photocells were set approximately 0.5 m above the floor, which was typically around hip level to capture the trunk movement rather than a false trigger from a limb. The participants were not permitted to use a ''rolling'' start, to eliminate momentum, and were instructed to sprint with maximum effort when they were ready.
All sprints were performed with running shoes on a hard surface outside.
Performance sprint/agility (s)
The total distance of the test sprint/agility is 29-m. Infrared photoelectric cells with polarizing filters and a handheld computer were used to measure sprint times to 1/100th of a second (Brower Timing Systems, Salt Lake City, Utah, États-Unis) and were placed at the start l is triggered to the first leg movement. The player must complete the course. The player starts running before the red line in the axis of the cone 1 (yellow line). The Infrared photoelectric cells are activated in the first movement of foot. Departure of cone 1 sidestepped and to come to stop in 2 by watching the inside of the course, to touch the cone 2 and to return their sidestepped in cone 1 around 1, the same thing of cone 1 to cone 3 then going of cone 1 to cone 4 to running before to touch the cone and return there running defers up to the red line (international table tennis Federation).
Performance throwing medicine Ball (m)
Participants were instructed to stand with their feet at shoulders width, side on to the intended direction of the throw. Participants held a 3-kg medicine ball with straight arms facing the direction opposite to the intended direction of the throw. Although maintaining straight arms, participants then rotated their upper and lower body through 180˚ before releasing the medicine ball with maximal velocity toward the intended target. Three attempts were given with 1 minute of rest between each throw. The greatest distance was recorded for further analysis [International Table Tennis Federation].
Training Program
The training program was conducted over a period of six weeks with three weekly sessions spaced at least 48 hours. A training mesocycle makes a total of 18 sessions training. Prior to beginning the weightlifting resistance training program, participants performed one-repetition maximum (1 RM) tests for the program in accordance with NSCA guidelines (Baechle et al., 2008) . Each training session consisted of three exercises designed for lower and upper limbs with 2 -4 sets and 4 -8 reps, and a recovery time of three minutes inter-series and five minutes inter-exercises. The resistance weightlifting program contains power snatch, power clean and squats with two assistance exercises that are push press and jerk from rack.
At the beginning of each training session, subjects start training with a dynamic warm-up for 20 min followed by static stretching exercises. The increase in expenses was ensured by increasing week by week the training load (resistance x number of sets x reps). In the last week of mesocycle, the load was reduced to ensure adaptations and taper.
Particular attention was paid to the technical execution especially for the Olympic exercises especially power snatch that demand speed and highly technical. Particular attention was paid to the technical execution especially for the Olympic exercises especially power snatch that demand speed and highly technical execution and are given mainly instructions and feedback for placement back at the start.
The weight training program for weightlifting resistance training group was planned over six weeks in the competitive phase of the season. With a frequency of three weekly sessions performed every Monday, Wednesday and Friday, immediately after the warm up. Our study was conducted between the 26th and the 33rd week of the season, after the second preparatory period.
All the manipulations took place in the city of youth training hall of Tunis. A two week before the start of the study, the subjects participated in an orientation phase. During which they were coached for correct technical execution of training exercises.
The different experimental protocols were applied to several days a randomized manner. Experienced observers were present to ensure the safety of subjects and to ensure proper technical execution of training exercises with additional loads. The participants refrained from making too intense activity, weight training and this, at least 48 hours before the beginning of each experimental session. Instructions were given to subjects before the start of manipulation to minimize external factors in conflict (related to sleep or food for example).
The night before each experimental session, he was asked subjects to maintain a fixed hour of sleep (at least sleep) and a usual diet. During the period of experiments, subjects had been banned from using stimulants (e.g. Caffeine) or alcohol may increase or compromise their wakefulness. Moreover, he was asked to maintain their usual physical activities and avoid any strenuous activity the day before and during the course of the study. Adequate hydration was allowed to athletes during experimental sessions to avoid the risk of dehydration. Experienced observers were present to ensure the safety of subjects and to ensure proper technical execution strength exercises.
Each training session included the excursions exercises for the extensor muscles of the upper and lower limbs (front squat, back squat, power snatch, power clean, push jerk and jerk from rack). The technical gesture 1/2 Squat was chosen to measure the 1-RM staff of all participants. The control group followed a regular training without resistance training. All subjects performed the first tests before training and the second.
Statistical Analyses
Data are presented as mean and standard deviation. We used the comparison of statistical tools such as the means and variances for the two samples. Student test is a variance analysis tool 2 factors was used. To compare the effects of training with weightlifting resistance training group, a mixed design was established (time factor for testing: pre-post: repeated measurements) × 2 (groups of factors: weightlifting resistance training and control). In addition, an analysis of variance in a factor with repeated measures was performed for each group to show changes pre and post-test in each group. We accepted p ≤ 0.05 as a criterion for statistical significance. The statistical treatment was performed using the computer software (SPSS 21) operating on PC.
Results
A six weeks of training muscle strength which is based on weightlifting exercises results showed a significant improvement in 1-RM of maximum strength lower and upper limbs (respectively p < 0.05; 7.87 kg or 8.29% and p < 0.04; +10.7 kg or 17.75% Table 2 ). Besides, this raise has been followed by significant changes in muscle strength of the hand at the WRTG compared to CG (p < 0.01; 4.6 kg or 13.54% progress in Table 2 ).
Performance heights SJ and CMJ increased as well in the WRTG corresponding to CG (p < 0.05 and respectively p < 0.01) ( Table 2 ). The progress proportion is in the order of +10.99% for the SJ and +8.05% for the CMJ (or 2.67 cm for SJ and 2.95 cm for the CMJ). The enhancement of the maximum strength of the lower limbs was followed by a significant progress in sprint speed performance on 5 m distance and agility/speed (respectively p < 0.05 and p < 0.01) ( Table 3 ). The post-training performance achievement is of the order of −3.23% for sprint speed of 5 m and −2.42% for agility/speed (or −0.04 s to 5 m speed and race −0.51 s for agility/speed).
There was also a significant achievement in the performance of throwing medicine ball for WRTG compared to CG (Table 3 ). The progress proportion is in the order of 4.44% for throwing medicine ball (24 cm for throwing medicine ball). Post 27.01 ± 2.82**## 23.95 ± 3.33** *p < 0.05 for pre-and post-tests within-group change in performance. #p < 0.05 for pre-and post-tests betweengroup change in performance. Table 3 . Pre-and post-test results for sprint, sprint agility and throwing medicine Ball performance for training group (WRTG) and control group (CG) (mean ± SD). 
Discussion
The reason of this analysis is to explore the responses of the different dynamic muscle strength with diverse and intense weightlifting exercises (70% -85% of 1-RM), on the performance of the maximum strength of the lower limbs, higher, vertical jump, the performance of sprints and agility. The outcomes of this work have shown that due to this type of strength training we can suggest that the increase of maximum strength of the lower limbs (+9.08%; p < 0.05) was followed by an improving the heights of CMJ (8.05%, p < 0.01). The performance of sprint 5 meters (−3.23%, p < 0.05) and agility performance (−2.42%; p < 0.01) post training compared to CG. At the same time, there were also a very important and significant performance gains in muscle strength of upper members for throwing medicine ball (4.44%; p < 0.01) and the maximal strength hand grip (13.53; p < 0.01) in the post training WRTG compared to CG.
The performance of muscular strength Until now, the assumptions about the advantages of coordinating strength training with weightlifting exercises on performance in table tennis players remain unknown. Maybe, there isn't a muscle building program in certain duration that lead to the performance gains of maximum strength, vertical jump, sprint and agility in table tennis .
Several previous works in racket sports (Tennis, Squash…) used moderate weight loads (50% -65% 1-RM) (Sannicandro et al., 2014; Fernandez-Fernandez et al., 2015; Sarabia et al., 2015; Pialoux et al., 2015) . None the less, different results have been reported by the work that investigated the effect of the unification of resistance programs with low to moderate loads on athletic performance (Sannicandro et al., 2014; Pialoux et al., 2015) .
However, the work efficiency of high intensity physical exercises with heavy loads when reforming muscle performance is really rare (Pialoux et al., 2015) . Yet, in our work we see a significant progress in maximum strength of the lower limbs measured by the 1/2 squat exercises, medicine ball throwing, strength hand grip and the bench press in the WRTG compared to CG.
Actually, short-term training programs (6 to 8 weeks) coordinated in the season is favoured by researchers, because the progressive overload involved in most cases a likely the development in the quality of the force (Kraemer et al., 2002; Behm, 2005; Crewther et al., 2005; Kraemer et al., 2009 ). Most of our conclusions are rational with some studies in this field since training with 1-RM 1/2 squat around 60% to 80% was followed by changes in muscle strength upper and lower limbs (Kraemer et al., 2002; Kraemer et al., 2009; Sannicandro et al., 2014; Pialoux et al., 2015) .
The Specific studies have shown that muscle strength can be stronger when the eccentric strengthening protocols are used in the resistance training program (Cormie et al., 2007; Cormie et al., 2011) .
Thus, Fernandez-Fernandez et al. (2015) displayed that short-term training of the dynamic strength (i.e., tennis) can lead to an increase in muscle strength up to 10% progress.
This demonstrates that the coordination of dynamic muscle strength with intensity (70% -80% of 1-RM) high during the competitive phase should be of outstanding importance for table tennis coaches looking to develop the performance of the strength of their players.
After all, the process of such model of dynamic strength (with weightlifting exercises) must take into consideration the intensity of training loads (Cormie et al., 2011; Crewther et al., 2011) .
The performance of the vertical jump Not only the muscle strength of the lower limbs has merged, but the vertical jump performance for fashion as well CMJ jumps in WRTG compared to CG (+8.05% p < 0.05) because of the training squat (front and Back) and two Olympic lifts.
In fact, several studies have reported a rise in vertical jump performance which can be achieved by strength exercises at higher training intensities (>80% of 1-RM) (Cormie et al., 2007) . Helgerud et al. (2002) , used 8 weeks of strength training in elite soccer players at 2 sessions per week, 4 sets of 4 reps with a load of 90% of 1-RM, in concentric pattern, players developed their CMJ + 6.8%.
Saez de Villarreal et al. (2013) , performing the same type of study (exercises: Squats and muscle action) measured the percentage incomes in vertical jump around 7% at p < 0.05 in the WRTG compared to CG.
In contrast to these results, other studies have displayed that there is no progress in the performance of vertical jump after weight training programs conducted at intensity's ranging from 40% -65% of 1-RM (Saez Saez de Villarreal et al., 2007; Struzik & Zawadzki, 2013; Crewther et al., 2011) .
We can say that the percentage gain of the CMJ and SJ performance in our study was of the order of +8.05% post training, these statistics are similar to those reported by (Markovic et al., 2007; de Villarreal et al., 2009 ).
So, jumping exercises are advocated as a suitable approach for demanding sports explosiveness and develop vertical jump including table tennis (Zagatto et al., 2008; Malagoli Lanzoni et al., 2014; Munivrana et al., 2015) .
The performance of the speed
The conclusions focus on the training protocol explosive force as proposed here even develops sprint speed performance on distance of 5 m. Actually, the programs based on dynamic exercises (weightlifting exercise) mostly used to rise the neuromuscular rigidity (Kraemer et al., 2002; Kraemer et al., 2009 ) and this characteristic makes it possible to develop sprint speed (Kraemer et al., 2002; Kraemer et al., 2009 ).
The outcomes of our study revealed a progress in the statistics with a gain of 3.23% at p < 0.05 for the performance in the 5 m WRTG compared to CG. It is not easy to draw a concrete explanation to compare our results with the studies reported in this realm, it's well known that now there's no studies that addressed the effect of strength training explosive performance speed of the elite table tennis players.
We can admit that sprinting performance gain over 5 m distance could be attributed to the progress of the explosive force created when the muscle contracts after stretching (Häkkinen et al., 2003; Herrero et al., 2006) .
Besides, during intense training and explosive, muscles can be shortened to generate power and to develop mechanical work (Häkkinen et al., 2003) . They produce strength in association with tendons to store and recover energy from the elastic tension (Saez de Villarreal et al., 2013) .
The performance of agility/speed Agility is one of the predictive variables of physical performance at the elite table tennis players (Kondrič et al., 2013; Martin et al., 2015) . The studies of the outcomes of the WRTG post training shows a significant difference (p < 0.01) for a narrow progress of about +2.42% is recorded in the WRTG after explosives training six weeks.
In the high-level sport, agility performance is one of the constituent of athletic performance that needs a favourable maintenance and a good choice of exercises in the training program (Young et al., 2014; Paul et al., 2016) .
Our outcomes certify the potency of the resistance training program which is based on the weightlifting exercises. Other studies on more homogenous study populations and a larger size would be even more interesting if we want to achieve optimum results.
Conclusion
Our analysis displayed that driving the explosive force based on the weightlifting exercises (70% -85% of 1-RM) applied at the elite table tennis players for 6 weeks with three weekly sessions enabled a progress in of maximum strength, vertical jump, sprint performance and agility
The training used in this study is an active training approach that promotes the stretch-shortening cycle at the musculature of the upper and lower limbs involving a concentric contraction after a fast and powerful eccentric contraction. This develops the athletic performance of our table tennis players.
Our evidences display not only increased production of muscle strength (maximum strength of 1/2 squat, bench press, throwing medicine ball), but also gain the vertical jump (SJ and CMJ) sprint performance (10-m). It demonstrates that it is important to incorporate an appropriate weight training program in table tennis player's elites in the season.
Developing the physical performance shown in this study reveals great a practical interest for table tennis coaches, because the performance in the sport depends on the specific power, jumping, sprinting and agility.
They should deal with adding a table tennis training to develop muscle strength of upper and lower limbs of their athletes as it appears that the benefits of this method are higher than those of traditional approaches of strength training.
They would be important to integrate the consequences of the additional costs and contrasting low to moderate intensity's including dynamic stimulation that could be more beneficial to the explosive performance for lower limbs than conventional ap-proaches for high-level table tennis players.
This could be used and tested on populations of table tennis players of different ages and sexes to determine if developed explosive force would be due to muscle or nervous adaptation.
